Abstract Semantic theories differ in the role they assume for degrees in the interpretation of gradable adjectives, and in the assumptions they make about the nature of degrees and the structure of the scales they comprise. We report on two experiments investigating speakers' use of gradable adjectives across varying contexts, with the goal of gaining insight into the nature of the degree ontology underlying their semantics. We find that the truth conditions for the positive form must be stated in terms of degrees rather than rankings of individuals, and further that the relevant scale structure is one where distances between scale points are meaningful, and not an ordinal scale derived from an ordering relation on a comparison class. We also find no evidence that scale structure depends on the presence or absence of a corresponding system of numerical measures.
Introduction
It is generally agreed that the interpretation of gradable adjectives such as tall and dark in some way makes reference to degrees. But what exactly degrees are, and which adjectival forms invoke them, remain open to debate. Focusing on what notion of degree, if any, underlies the semantics of gradable adjectives in their positive (unmodified) form, we take an experimental approach to investigating these questions. We show that by observing how speakers' use of such adjectives changes as the context is systematically manipulated, we can gain insights into the formal structures needed to represent their meaning.
As will be seen below, our results show that the interpretation of the positive form involves degrees organized into a scale in which the distance between scale points is meaningful, and in particular are difficult to reconcile with proposals that scales are derived from ordering relations on sets of individuals.
The organization of the paper is the following. In Section 2 we introduce two leading semantic theories of gradability, as well as a recent proposal that represents an elaboration of one of them, and outline the predictions they make for speakers' use of gradable adjectives across different contexts (comparison classes). In Section 3 we present the results of two experiments where we asked subjects to do just this-apply gradable adjectives to comparison classes differing systematically in their composition-and assessed their behavior relative to these theoretically based predictions. Finally, in Section 4 we discuss the implications of our findings for the semantics of gradability, and suggest some possible extensions of our approach.
Theories of gradability and their predictions

Semantics of gradability
Two broad classes of semantic approaches to gradability can be distinguished, which have come to be known as delineation-based and degree-based. Their central components are described below.
Delineation The delineation approach is most closely associated with the work of Klein (1980 Klein ( , 1982 . In Klein's theory, gradable adjectives denote context-dependent partial functions that induce a three-way partition of a comparison class C into a positive extension, a negative extension, and a so-called extension gap consisting of entities that fall in between the two. For example:
(1) tall C = f : C → {, }, where f (x) = 1 iff x is tall f (x) = 0 iff x is not tall f (x) is undefined otherwise
Here a comparison class is some subset of the universe of discourse that provides a frame of reference for the evaluation of the adjective (see below). To allow for the representation of measure phrases (e.g. 6 feet tall), a system of degrees can be layered on top of the basic delineation approach, typically by defining a standard object and a concatenation operation on the domain. But importantly, this plays no direct role in the semantics of the positive construction. Klein does not attempt to address what sort of heuristic speakers might employ in partitioning a given comparison class into the three specified subsets. Clearly, the tallest members of any comparison class must count (in that context) as tall, and the shortest must count as not tall, but beyond this the truth conditions in (1) leave unspecified how the boundaries are to be drawn between tall and 'gap', and between 'gap' and not tall. Although degrees are not explicitly represented in (1), Klein's theory is consistent with a view in which this partitioning involves some psychological sense of degree, one which however is not part of the semantic formalism. But we could also hypothesize a strong version of the delineation approach in which no notion of degree at all is involved in the partitioning. It is this strong version in particular that we will consider.
Degree In contrast to delineation theories, the degree-based approach to gradability, associated with the work of Bartsch & Vennemann (1973); Cresswell (1977); von Stechow (1984) ; Bierwisch (1989); Heim (1985 Heim ( , 2000 ; Kennedy (1999 Kennedy ( , 2007 , among others, takes gradable adjectives in their basic lexical semantics to encode relations between individuals and degrees on a scale. Formally, a scale is a triplet S = D, >, DIM , where D is a set of degrees, > is an ordering relation on that set, and DIM is a dimension of measurement. For example:
The degree argument d in (2) is saturated or bound by degree morphology such as measure phrases or degree modifiers; in the case of the unmodified positive form, it is typically assumed that this role is played by a phonologically null 'positive' morpheme pos. Degree theories differ substantially in their specifics. Of particular interest here are differences in the assumptions made about the nature of degrees and scales themselves (see Klein 1991 and more recently Sassoon 2010; van Rooij 2011; Lassiter 2011 for discussion of this point).
On one approach, which we might call the abstract degree theory, degrees are some sort of abstraction. For von Stechow, 'whatever they are, they are highly abstract objects ' (von Stechow 1984: 47) . Somewhat similarly, Kennedy and others describe degrees as 'abstract representations of measurement' (Kennedy 2007: 3) . Although this point is not always made explicit, underlying this view is the assumption that degrees are a primitive component of the ontology, which have an existence independent of the entities whose measurements they encode. Just as the domain of individuals has been argued to have a structure which is linguistically relevant (cf. Link 1983) , so too does the domain of degrees have potentially meaningful structure. Just what this structure is, and how this is linguistically reflected, is a matter for empirical study (see e.g. Kennedy & McNally 2005; Fox & Hackl 2006 ).
An alternate and more concrete view of degrees, which might be called the derived degree theory, holds that degrees and scales are derived from ordering relations on individuals. This view dates back to Cresswell, and can also be found in work by Klein (1991) ; van Rooij (2011); Lassiter (2011) and, as will be seen below, Bale (2008 Bale ( , 2011 . On this approach, we begin with a comparison relation R between individuals, such as a relation of 'taller than' or 'more beautiful than'. The equivalence classes under this relation become the degrees of the scale (where x and y are equivalent under R iff for all z, R(x,z) iff R(y,z), and R(z,x) iff R(z,y)). A relation between degrees is then derived from the relation between individuals as follows: for equivalence classes (i.e. degrees) a and b containing individuals a and b, respectively, a > b iff R(a,b). In this way, a well-ordered scale is constructed. The derived degree theory thus bears an affinity to the delineation theory, in that relations between individuals are taken to be primary, and scales are derived from this rather than taken as primitive.
Derived degrees with numerical measures Bale (2008 Bale ( , 2011 proposes an extension to the derived degree approach which is particularly relevant to the present work because it makes testable predictions about speakers' use of different types of gradable adjectives across contexts. In Bale's theory, like that sketched out above, gradable adjectives are associated with relations, such as the relation 'x is as beautiful as y', which are transitive and reflexive, and thus meet the criteria for a pre-order or quasiorder. Scales are constructed as above, by grouping entities into equivalence classes and deriving an ordering relation on the set of these classes. Finally, a measure function is defined that maps an individual to the equivalence class (i.e. degree) it belongs to. 1 Bale's innovation is the following: for adjectives associated with a numerical system of measurement (e.g. height in meters, weight in kilos), measurements themselves (2 meters, 35 kilos) enter into the underlying ordering relation as individuals. With some seemingly reasonable assumptions about which degrees are included, the result is a scale whose structure is isomorphic to that associated with the measurement system. Thus adjectives of this type come to be associated with scales with more structure than do those without measurement systems, such as beautiful and intelligent.
In broad terms, all of these approaches are able to account for the basic facts of gradability. What has not, however, been the subject of much discussion is that they are subtly different in terms of the possibilities they make available for how the truth conditions of the positive construction can be stated, and thus make subtly different predictions for how speakers' use of these adjectives will change across contexts. We discuss this below.
Comparison classes and standards
Regardless of which formal theory we choose to adopt, we must in some way account for the intuition that gradable adjectives in their positive form are interpreted relative to a comparison class that provides a frame of reference or standard of comparison. For example, the height John must have to establish the truth of (3a) and (3b) is clearly different, evidence of the semantic effect of the two different comparison classes (jockeys, basketball players) on the truth conditions. 2 (3) a. John is tall for a jockey.
b. John is tall (even) for a basketball player.
While various work has focused on how, if at all, comparison classes enter into compositional semantics (Fults 2006; Kennedy 2007; Solt 2011; Bale 2011 ; among others), much less attention has been paid to how, precisely, the truth conditions for the positive construction should be stated relative to a given comparison class (a notable exception is Schmidt, Goodman, Barner & Tenenbaum 2009) .
Here, there are various possibilities. For example, the truth conditions for tall relative to a comparison class C might be specified in any of the following ways: Thus as one possibility, John might be considered tall if he is among the tallest n percent-say, the tallest third-of the members of C (per (4a)). Something of this general form is suggested by Bale (2011) . Alternately, John might be considered tall if his degree of height falls within some specified subsegment of the range of heights corresponding to C-say, the top third of this range (per (4b)). Truth conditions of this form are proposed by Bale (2008) . This formulation is also consistent with a proposal by Bierwisch (1989) that the standard of comparison relative to a comparison class C is fully determined by the range of degrees corresponding to C. Finally, the standard might be derived as an average over the comparison class, per (4c), a possibility suggested by Bartsch & Vennemann (1973) and von Stechow (1984) , among others. Of course, none of the formulas in (4) is, in the form given, adequate. The truth conditions stated here create sharp cutoffs between tall and not tall, and as such fail to capture the vagueness of gradable adjectives, which manifests itself in the existence of borderline cases (cf. Klein's extension gap). Any of these formulations could potentially be adapted to be vague rather than precise. For example, in (4a-b) vagueness might be linked to indeterminacy in setting the parameter n. In (4c), vagueness might be captured by taking the standard to be not the mean itself but rather a range around the mean whose width reflects, in some underspecified way, the degree of dispersion in the comparison class (cf. Solt 2011); such an approach also captures the intuition that to be counted as tall in the context of some set C, it is not sufficient merely to be taller than the average for a C (cf. Kennedy 2007) .
However, since the primary focus of this paper is not the vagueness of gradable adjectives, we do not pursue any of these possibilities here. The simplistic formulas in (4) are sufficient to illustrate an important point: the semantics of the positive construction can be expressed in terms of a number of different measures. Most simply, (4a) is not expressed in terms of degrees at all, but rather on the basis of a rank order of individuals in C. That is, it does not require assigning something called degrees of height to individuals, but merely ranking the members of C by their heights, and then assigning some fixed proportion of individuals at the top of this ranking to the category tall. By contrast, both (4b) and (4c) are stated in terms of degrees of height; but the structure of the scales required to interpret these two formulas is different. Drawing on the typology of measurement levels introduced first by Stevens (1946) (see also Kranz, Luce, Suppes & Tversky 1971) , we can see that (4b) can be interpreted relative to an ordinal scale, that is, a simple linearly ordered set of degrees lacking any notion of distance between scale points. We will call this ordinal degree. While an ordinal scale allows us to compare degrees (a>b), mathematical operations such as the addition of two degrees are not meaningful. As such, an ordinal scale is not sufficient to support truth conditions such as (4c), which require that we sum up the heights of all the members of C and divide the result by the cardinality of this set. For this, we require a more informative scale structure, one in which the distance between scale points is meaningful. In the typology of levels of measurement, this is an interval or ratio scale; to avoid being more specific, we will call this (for want of a better term) measurement degree.
Below we will see why these distinctions are relevant to the semantics of gradability more generally.
Predictions
The starting point for the present research is the observation that the different theories of gradability introduced above differ in the sort of degree structures they make available, and thus in the formulations of the truth conditions for the positive construction that they support.
The hypothesized strong version of the delineation theory-where the interpretation of the positive form does not involve even an implicit notion of degree-is compatible with truth conditions based on a rank ordering of individuals, as in (4a). But such a (hypothetical) theory would not be compatible with the degree-based truth conditions in (4b-c).
The derived degree theory supports the formulation in (4a), which could be restated in degree terms, as well as truth conditions based on ordinal degree, as for example (4b). But crucially, the above-described procedure for deriving scales creates an ordinal scale only, i.e. a linearly ordered set of equivalence classes as degrees. As such, it does not support truth conditions based on measurement degree, such as (4c), which requires a scale in which distances between scale points are meaningful. This limitation does not, however, hold for the abstract degree theory. Such a theory takes the scales underlying natural language meaning to have an independent existence outside of any set of individuals to be measured, and in particular involves no a priori commitment to the structure of these scales. If scales are assumed to be a reflection of our ability to perceive or judge the magnitude of an entity's height, beauty, etc., then their structure must be at least as informative as our perceptions and judgments themselves-potentially including a representation of how far apart two degrees are. Thus this type of theory is compatible with truth conditions based on measurement degree, such as (4c).
Finally, Bale's version of the derived degree theory allows for a possible difference in behavior between adjectives that are associated with a numerical measurement system (e.g. tall) and those that are not (e.g. beautiful). For the latter, only ordinal degree is available, just as in the basic derived degree theory. But for the former, the inclusion of measurements (e.g. 1 cm, 2 cm, 3 cm, . . . ) in the domain of the underlying ordering relation on individuals creates a richer scale structure, one with units at regular increments corresponding to those of the measurement system; that is, it creates measurement degrees. Thus for this class of adjectives, there are more possibilities for how the truth conditions for the positive construction can be stated.
This pattern of compatibilities is summarized in 
Experiments
The experiments reported here were designed to investigate speakers' interpretations of gradable adjectives relative to the alternative predictions outlined above. Specifically, we manipulated the statistical distribution of elements in a comparison class and measured how this manipulation affected which items speakers considered as tall, dark, etc., following a method developed by Barner & Snedeker (2008) and Schmidt et al. (2009) . Our overall goal was to determine which measures are required to describe speakers' judgments, and on this basis to assess the empirical adequacy of the various theories of gradability discussed above. We do not in this research attempt to arrive at the ultimate formulation of the truth conditions of the positive construction, but rather to identify what structures the model must include in order to state the truth conditions. First, we explore whether the semantics of gradable adjectives in their positive form can be expressed in terms of rankings of individuals, or whether it is necessary to introduce degrees. Secondly, we investigate what sort of scale structure is needed, if the semantics of the positive form reference degrees.
Experiment 1
In our first experiment, we focus on the question of whether speakers' judgments are based on a simple rank order of individuals in a comparison class, or whether they rely on some notion of degree.
Methodology
Participants The study was executed online via the Amazon MTurk platform (see Sprouse 2011 on the validity of MTurk for the collection of linguistic judgments). The survey was only displayed to subjects with U.S. IP addresses and those were further screened for native language. A total of 208 subjects took part, receiving 15 cents for participation. The data of 10 subjects were excluded from the analysis because they indicated a native language other than English. Another 4 subjects were excluded due to inconsistent answers (n=1) or because they participated in more than one version of the survey (n=3). This left 194 native speakers of English for analysis (124 female; mean age 35.7).
Materials and procedure The stimuli for this experiment were based on four adjectives: big, tall, dark and pointy. Each was paired with arrays of 36 pictures spanning 11 'degrees' of size/height/etc., intended to represent comparison classes (respectively: eggs varying in size, cartoon characters varying in height, gray squares varying in RGB value, triangular shapes varying in angle and bluntness; see Figure  1 ). The adjectives were chosen such that two had corresponding numerical measurement systems (big -size, e.g in cm 2 ; tall -height, e.g. in cm) while two did not (dark and pointy). 3 The picture stimuli were selected in a way to encourage participants to base their judgments on the given stimuli set, not some prior notion of what tall, etc. might be; hence items were shown without context, and we used for the most part cartoon characters and abstract shapes instead of e.g. pictures of people.
We constructed 4 versions of each stimulus set that differed in how the 36 items (pictures) were distributed over degrees: a baseline peaked distribution (largest # of items of middle degrees; fewer high/low degrees), a left skewed and a right skewed distribution, and a moved distribution, featuring the same shape as the baseline distribution but shifted 3 degrees to overall greater sizes/heights/etc. Figure 2 shows the # of items per degree in the 4 distributions, and an example stimulus array.
The survey was developed in four versions, such that each respondent saw each of the 4 adjectives in 1 of the 4 distributions, in a Latin square design. At the beginning of the survey, we collected basic demographic information (native language, age, gender and education level) from the participants and we gave a description of the survey. The instructions told the participants that they would see 4 sets of pictures and that they should check the pictures that matched the description displayed above the pictures. They were also told that they could check as many or as few pictures as they liked. At the end of the experiment, participants could leave a comment, and from the comments none of the subjects seemed to have been aware of the experimental manipulation.
Predictions The rationale behind the experimental manipulation was that the underlying interpretation of the adjectives will be reflected in different classification patterns across the experimental conditions (i.e. distributions) and this will allow us to explore which approach most closely predicts speakers' behavior.
We formulate the following predictions:
• If speakers' judgments are based on a rank order of individuals (per (4a)), the number of items called tall/dark/etc. should be the same across all four distributions. For example, if the tallest 1/3 of individuals in any given comparison class are considered tall, then speakers should consistently check 12 out of the 36 pictures in each array.
• If speakers' judgments are based purely on an (ordinal) notion of degree (per (4b)) the 'cutoff point' should be the same in the baseline, left skewed and right skewed distributions, and higher in the moved distribution (where by cutoff point we mean the smallest item called big, etc.). For example, if tall corresponds to the top 1/3 of the ordinal degrees for a comparison class, then we expect the cutoff point to be roughly degree 8 in the baseline, left skewed and right skewed distributions, and 11 in the moved distribution. Figure 3 Results of Experiment 1: averages across adjectives and subjects.
Results
The answers of the participants were coded according to the two measures described above. The number of items checked was calculated for each participant in a given condition. For each participant, the cutoff point was determined as the first degree for which items were checked, without there being any higher degree for which no items were checked. As seen in Figure 3 , we found differences between distributions both in the total number of items checked and in the average proportion of items checked by degree (note that the cutoff point essentially provides a summary measure of the location of the curves in Figure 3 ). We submitted # items checked to a linear mixed effects model with Distribution and Adjective as fixed factors and Subject as random factor. Overall the effect of distribution on # items checked was significant (F(3,760)=51.68; p<0.0001). This indicates that we can falsify our first prediction that # items checked is not affected by Distribution. Table 3 in the Appendix summarizes the details of the mixed effects analysis. The model revealed a difference between the baseline and the left skewed distribution (p<0.05). The individual comparisons of the baseline and the right skewed distribution were not significant, nor was that between baseline and moved distribution significant. Note, however, that the moved distribution had exactly the same shape as the baseline distribution; therefore, this result is expected. There were also significant effects for the adjectives tall and pointy, which had a higher # items checked than did big. Finally, there was a significant interaction between the adjective pointy and the right skewed (p<0.0001) and moved (p<0.0001) distributions, reflecting that more items were classified as pointy in these distributions compared to the baseline, while there was no such effect for the other adjectives.
The same model was fit to the cutoff point and it revealed reliable effects of the distribution in all comparisons (baseline vs. left skewed p<0.05; vs. right skewed p<0.001; vs. moved p<0.0001), falsifying the prediction that ordinal degree alone is sufficient to predict speakers' judgments. See Table 4 for details of the model. Again, there was a difference between tall and big (lower cutoff for tall), as well as an interaction between pointy and the right skewed and moved distributions (p<0.01 and p<0.0001 respectively), reflecting the fact that the cutoff point in these distributions differed less from the baseline than it did for the other adjectives.
Discussion
The results of our first experiment show first of all that the interpretation of gradable adjectives in their positive form cannot be stated in terms of rankings of individuals, as in the formula in (4a). Tall, for example, does not mean 'in the tallest n% of the relevant comparison class'. Rather, we need to invoke a notion of degree of height, size, shade, etc.
These findings do not yet provide strong evidence as to which notion of degree is necessary, and in particular do not resolve the question of whether an ordinal scale derived from an ordering on a comparison class (per the derived degree theory) is sufficient to model speakers' judgments. Very simple truth conditions based on ordinal degree alone (i.e. (4b)) are not compatible with these findings; thus tall, for example, does not correspond to some fixed subset of the set of degrees of height representing the comparison class. 4 However, we cannot rule out the possibility that the truth conditions involve some more complex formula based on rank order and ordinal degree. That is, we do not have conclusive evidence for the need to introduce measurement degree. The reason is that the 14 ordinal degrees of height, etc. that our stimuli were based on represented 14 evenly spaced steps along the relevant dimensions. That is, in our stimuli sets, ordinal degree and measurement degree were highly correlated, and thus we cannot determine which of the two is the crucial one. In Experiment 2 we address this by creating stimuli where this correlation is not present, allowing us to tease apart the two notions of degree.
A further observation that can be made about our findings from this stage is that we do not observe a qualitative difference in the behavior of adjectives with and without numerical measurement systems, as might be expected under the theory developed by Bale (2008 Bale ( , 2011 . While we did find between-adjective differences, they did not pattern along the lines of 'numerical' vs. 'non-numerical'. In its sensitivity to manipulations of the context, non-numerical dark behaved comparably to numerical big and tall (as evidenced by the lack of interactions). The behavior of non-numerical pointy did diverge from that of the other three adjectives. But here, judgments of pointy were found to be less rather than more context sensitive than those observed for the other three. Thus, participants seemed able to rely on some absolute threshold degree of pointiness that was independent of the structure of the contextually provided comparison class. Whether this different pattern is due to the semantics of pointy itself, the nature of our stimuli, or some combination of the two, is not certain (and as such we exclude pointy from the next stage of research). But in any case these findings tend to contradict rather than support a view in which the only notion of degree available for non-numerical adjectives is a scale constructed from a comparison class. We investigate the numerical/non-numerical distinction further in the next experiment.
Experiment 2
Results of the first experiment indicate that the truth conditions of sentences with gradable adjectives must be stated in terms of degrees; but these findings do not fully address what notion of degree is relevant. Specifically, is an ordinal scale constructed from a ranking of comparison class members sufficient (per the derived degree theory), or is it necessary to assume a more informative scale structure independent of the comparison class (as is possible under the abstract degree theory)? Experiment 2 was designed to answer this question.
Methodology
Participants In total, 200 subjects were recruited on the Amazon MTurk platform, with the study again restricted to U.S. IP addresses. 18 were excluded based on the native language criterion, 2 subjects gave inconsistent answers and another 10 subjects had already taken one of the other versions of the survey. 170 native speakers of English were included in the final analysis (111 female; mean age 30.4) and they again received 15 cents for participation.
Materials and procedure In Experiment 2, the adjectives big, tall, and dark were again paired with arrays containing 36 pictures (as before, eggs, cartoon characters and gray squares, respectively). For each adjective, 3 distributions were created (per Figure 4) ; each included items of 6 ordinal degrees of size/height/shade, but in absolute terms (i.e. in terms of measurement degree) featured a 'gap' somewhere in the distribution. In the baseline distribution, the gap was between the 3rd and 4th ordinal degrees (more specifically, the 6 degrees here correspond to degrees 1,3,5,9,11 and 13 from Experiment 1). In the ordinal-equivalent distribution, the gap was between the 4th and 5th ordinal degrees (the corresponding Exp. 1 degrees being 1, 3, 5, 7, 11, 13) , while in the measurement-equivalent distribution, the gap was between the 5th and 6th ordinal degrees (corresponding Exp. 1 degrees 1,3,5,7,9,13). These three distributions were further designed to provide a 'target degree' that served as the basis for comparison across distributions (shown in black in Figure  4 ). In the baseline distribution, the target degree was ordinal degree 4 out of 6. In the ordinal-equivalent distribution, the target degree was the same ordinal degree as the baseline target degree (i.e. 4 out of 6) but lower in absolute (measurement) degree. Conversely, in the measurement-equivalent distribution, the target degree was the same in absolute (measurement) degree as the baseline target degree, but higher in ordinal degree (5 out of 6). The number of items of the target degree, and the number of items greater in degree, was held constant across distributions.
The procedure was the same as for Experiment 1. The study was executed in 3 versions, such that each subject responded to all 3 adjectives and distributions in a Latin square design.
Predictions Our predictions focus on the proportion of items of the target degree that are checked. Specifically:
• If speakers' judgments are based on ordinal degree derived from the comparison class, then the % target degree items checked in the baseline and ordinal-equivalent distributions will be equal.
• If the availability of measurement degree is dependent on an adjective's having a corresponding numerical system of measurement, then a difference between baseline and ordinal-equivalent distributions may be observed for the adjectives big and tall, but (crucially) not for the adjective dark. Table 2 Results of Experiment 2: % target items checked.
Results
The results of Experiment 2 are displayed in Table 2 . The proportion of target degree items checked was submitted to a linear mixed effects model with Distribution and Adjective as fixed effects and Subject as random factor. The model found a significant difference between baseline and ordinal-equivalent distributions (p<0.0001), disconfirming the first prediction. A significant difference was also found between the baseline and measurement-equivalent distribution (p<0.0001), further indicating that speakers' judgments are not based on degree alone. A detailed summary of the model can be found in Table 5 in the Appendix. The model further revealed differences between the three adjectives tested, as well as interactions between adjectives and distributions; in particular, the % checked was higher for tall vs. the other two adjectives, consistent with the lower cutoff for tall found in Experiment 1 (see Table 5 for specifics). However, as seen in Table 2 , the difference between baseline and ordinal-equivalent distributions was also found for the adjective dark; the significance of this difference is confirmed by an ANOVA (F(2,140)=7.46; p<0.001). Thus the second prediction is also disconfirmed, in that effects are noted not only for numerical big and tall, but also for non-numerical dark.
Discussion
From the perspective of the derived degree theory, the stimuli sets for the baseline and ordinal-equivalent conditions are indistinguishable: both give rise to identical 6-point ordinal scales, and both feature the same distribution of items over (ordinal) degrees. As such, the prediction of this theory is that they will elicit the same responses from subjects. What we found was different from this-dramatically so. Specifically, a significantly lower proportion of target items was checked in the ordinal-equivalent vs. baseline distribution, reflecting the fact that the items were lower in measurement degree. These findings are not accounted for by the derived degree theory, but rather require us to assume that respondents have access to a notion of degree independent of the structure of the comparison class, one that recognizes the magnitude of differences in degree between entities.
Nor did we find the difference between numerical and non-numerical adjectives predicted by Bale's mixed theory. Specifically, responses to the baseline and ordinal-equivalent distributions patterned differently even for the adjective dark, which corresponds to a dimension for which we have no commonly used numerical measure. Thus we find no evidence that the availability of measurement degrees is contingent on the existence of a numerical system of measurement.
The difference found between baseline and measurement-equivalent distributions is less relevant to our main research questions, but further supports the finding from Experiment 1 that degree alone is not sufficient to account for speakers' judgments; distribution of items over degrees also matters.
Conclusions and general discussion
The results of our two experiments show that the meaning of gradable adjectives in the positive form cannot be stated in terms of rank orderings of individuals; rather, we need degrees. Furthermore, the relevant scale structure is one in which the distance between scale points is meaningful, and thus cannot be an ordinal scale constructed from an ordering on a comparison class. And this is the case not only for adjectives associated with dimensions for which we have common numerical measures, but also for those without corresponding measurement systems.
Before we discuss the implications of these findings in more depth, we would like to address one potential objection. There is an assumption underlying our experimental approach, namely that it is the array of stimuli pictures shown to respondents that provides the domain or comparison class responsible for contextual effects. That is, we have assumed that respondents would calculate the truth conditions of the positive form based on this set alone, and more basically, with respect to the derived degree theory, that it would be this set alone that would serve as the basis for constructing the scale itself that is used in these calculations. This need not be the case. For example, respondents might have inferred that the stimuli items shown were merely sampled from a broader domain with a potentially different distribution. Or, despite our attempts to decontextualize the stimuli, respondents might have brought some sort of real world knowledge to bear on the task (cf. Tribushinina 2011 for evidence of this kind of effect).
While we cannot entirely discount these possibilities, we have reason to think that they did not contribute to our findings in a significant way. Most basically, respondents' behavior varied systematically in response to our manipulations of the stimulus set, evidence that this set influenced whatever calculation of truth conditions they performed. More direct evidence comes from the results of Experiment 1, specifically the comparison between the baseline and moved distributions. Recall that the moved distribution had the same shape as the baseline distribution, but shifted 3 'steps' to overall greater degrees of height, size, etc. Correspondingly, for three of the four adjectives tested, the average cutoff point was almost exactly 3 degrees higher in the moved than the baseline distribution. The implication is that judgments of which items were big, tall or dark was based purely on the stimulus set given, not external considerations (the anomalous behavior of pointy perhaps then reflecting the intrusion of real world standards). On this basis we conclude that we are justified in assuming the comparison class can be equated with the stimulus set displayed. We nonetheless believe that this issue merits further investigation. One possibility would be to test stimuli sentences with an overt for-phrase (e.g. tall for a Martian), as such phrases are known to determine the comparison class. 5 Having discussed this potential issue, let us turn to the implications of our results. In demonstrating that the interpretation of the positive form is based on degrees of the relevant dimension, our findings are most readily compatible with a degree-based theory of gradability, as in (2). But we have not necessarily demonstrated that degrees must be part of the formal representation of the positive form; that is, we have not shown that a lexical entry like Klein's (1) is inadequate. While our results are inconsistent with the hypothesized strong version of the delineation theory, we have not ruled out a version in which some psychological sense of degree (e.g. degree of height) is part of the conceptual basis on which we are able to categorize a given set into (for example) the tall and not tall members. We suspect that this question cannot be fully resolved by experimental approaches. We will point out, however, that the truth conditions for some adjectival constructions (notably measure phrases) must be represented in terms of degrees, and secondly that, according to our findings, the positive form is interpreted with reference to degrees. The most parsimonious account would thus seem to be one in which the semantics of all adjectival forms, including the positive, are explicitly based on degrees.
With regards to the nature of the degree structures underlying the interpretation of gradable adjectives, our results are clear. The truth conditions for the positive form cannot be calculated on the basis of an ordinal scale constructed from a ranking of comparison class members. Rather, speakers have access to a notion of measurement degree that is independent of the structure of a given set of individuals, as is allowed under the abstract degree theory. The procedure assumed by the derived degree theory is formally solid; but we find that a scale constructed in this way does not form the basis of speakers' judgments of what is big, tall, and so forth. Furthermore, we see no evidence that measurement degrees are derived from elements of a measurement system; if anything, we suspect the reverse is true.
It is important to note that the derived degree theory can be further elaborated to produce a scale with the required structure. What is needed is to define a concatena-tion operation • on individuals of the domain, and require that for any a and b, the measure of a•b is the sum of the measures of a and b; the result is a ratio scale (cf. Kranz et al. 1971) . For height, for example, concatenation corresponds to stacking entities end on end: the height of two stacked entities is the sum of their individual heights. But while this is conceptually straightforward in the case of dimensional adjectives such as tall, it is far less obvious what the concatenation operation would be in the case of adjectives such as dark, warm or beautiful. Thus further work would be needed to determine whether this is a viable account of the scales speakers rely on in interpreting such adjectives.
We see considerable opportunity to extend the experimental approach followed in this research. At this point, our conclusions are based on a rather limited sample of adjectives, and in Experiment 2 in particular we had only one adjective representing the 'non-numerical' class. We hope to expand our empirical base in future research. Beyond this, while we found no role for ordinal scales for the adjectives we tested, perhaps other adjective classes, or other forms than the positive, have semantics based on such scales. Particularly interesting are evaluative adjectives like beautiful and intelligent, and emotion words like happy, as these provided the original impetus for the derived degree approach (Cresswell 1977) , and there is little prima facie evidence that their underlying scales are anything more than ordinal in level (though see Sassoon 2010 for an alternate view). Here, there are some methodological challenges: it is quite difficult to find examples of adjectives without common numerical units, but for which the stimuli can nonetheless be manipulated in regular increments (as for instance our dark stimuli involved regular increments of RGB value). Some otherwise good candidates must be classified as absolute rather than relative gradable adjectives (e.g. rough/smooth), while others do not lend themselves to evaluation in an online context (e.g. hard/soft). Adjectives of the happy and beautiful sort are especially challenging. But if appropriate methodologies can be developed, experimental work has the potential to shed new light on the scale structure underlying the semantics of a wider range of gradable adjectives.
We conclude with some broader remarks. Our findings are unexpected from the perspective of one formal approach to gradability; but from another perspective they are entirely unsurprising. A large body of work from the field of psychophysics has shown that subjects are able to make ratio-level judgments on a wide variety of dimensions, including not only easily measured ones such as length and weight, but also those for which we have no commonly used measurement units, such as loudness, saltiness, roughness, pain and many others (Stevens 1975 and subsequent work) . Findings of this sort have the potential to inform semantic theory, by providing a psychological perspective into the nature of the degree ontology that underlies the semantics of gradability. The structure of this domain remains a topic for empirical study; but we believe it must include something like measurement degree.
In this appendix, we provide the details of the linear mixed models reported in Section 3 (note that non-significant interactions are not displayed). 
